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Purpose: To characterize the use and utility of lower extremity noninvasive venous testing 
(NIVT) in the diagnosis of pulmonary embolism (PE). 
Methods: The study is a retrospective case series of consecutive patients in whom PE was 
suspected who were referred to a large, urban tertiary care center for NIVT. The main 
outcome measures of the study were the rate of positive results of NIVT, the amount of 
new information provided by NIVT, and the frequency of management changes that 
were attributable to NIVT. 
Results: Forty-one of 450 patients (9%) had deep venous thrombosis (DVT) by NIVT. 
The prevalence of DVT by NIVT among patients not evaluated by ventilation/perfusion 
(V/Q) scanning was 8%. The prevalence of DVT by NIVT among patients with a 
high-probability V /Q  scan result before NIVT was 39%, but no management decisions in 
this group were based on a positive NIVT result and only two decisions were based on 
negative NIVT results. The prevalence of DVT according to NIVT among patients who 
had a negative "diagnostic" (low, or very low probability, or normal) result of V /Q  scan 
before NIVT was 2%. The overaU frequency of management changes attributed to NIVT 
was only 2.5%. In the remaining 97% of patients, management was determined by the 
result of V /Q  scanning or of subsequent pulmonary arteriography. 
Conclusions: In patients in whom PE is suspected, results of NIVT are usually negative for 
acute DVT. Management decisions are almost always based on V /Q scan or results of 
pulmonary arteriography and not on NIVT. The utility of NIVT to identify DVT in these 
patients appears limited, and a more selective approach to its application for the diagnosis 
of PE should be considered. (J Vase Surg 1997;26:757-63.) 
Although pulmonary arteriography (PA) is the 
"gold standard" for the diagnosis of  pulmonary em- 
bolism (PE), it is invasive, expensive, and associated 
with complications. Ventilation-perfusion (V /Q)  
lung scanning is a cheaper and less-invasive alterna- 
tive, but unfortunately is less accurate. ~ A newer 
approach uses lower extremity noninvasive venous 
testing (NIVT) to identify patients with deep vein 
thrombosis (DVT), using the presence of  DVT as a 
marker for PE and an indication for anticoagulation 
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medication. NIVT is relatively inexpensive, free of 
risk, and highly accurate for the diagnosis of acute 
proximal DVT. 2-7 
In most algorithms proposed for the diagnosis of 
PE, V /Q  scanning is usually performed first. N IVT is 
reserved for patients whose results are nondiagnostic 
or those in whom clinical suspicion remains high. s-12 
However, some authors have argued that in the ab- 
sence of certain risk factors, N IVT is an inefficient 
method for the diagnosis ofPE.  13,~4 Bendick et al.,xs 
for example, reported that results of lower extremity 
NIVT were positive in only 15% of 507 patients 
referred to rule out PE. This rate dropped to 2.4% in 
patients without lower extremity symptoms, recent 
surgery, cancer, or a high-probability V /Q  result. In 
our laboratory we also have noted that results of 
NIVT performed in patients with suspected PE are 
infrequently positive; moreover, N IVT is often re- 
quested after an apparently "diagnostic" V /Q  scan. 
To characterize the contribution of NIVT to the 
diagnosis and treatment of PE, we studied the pa- 
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Table I. Prevalence of DVT among patients 
with suspected PE who underwent NIVT 
n % 
Total 450 
Acute DVT or DVT* 41 9 
No acute DVT 409 91 
Venous imaging 278 
Acute DVT 34 12 
Chronic DVT 26 9 
No DVT 218 79 
Venous Doppler 172 
DVT 7 4 
No DVT 165 96 
*Includes acute DVT by duplex imaging, and DVT by Doppler 
testing. 
tients who were referred to our vascular laboratory 
for lower extremity NIVT to "rule out a source of 
pulmonary embolism." We assessed the rate of posi- 
tive results of studies, the amount of new informa- 
tion provided by NIVT, and the frequency of man- 
agement changes based solely on the results of 
NIVT. 
PAT IENTS AND METHODS 
Design. Over a 2-year period ending December 
1, 1995, consecutive patients referred for lower ex- 
tremity NIVT because of suspectcd PE were identi- 
fied from a computerized database in our accredited 
vascular laboratory. Data were extracted from patient 
records, computerized logs, and forms completed at 
the time of testing by vascular technologists. The 
results of related diagnostic tests and subsequent 
patient management decisions were recorded. 
Diagnostic testing. By laboratory protocol, pa- 
tients who were transportable were evaluated with 
bilateral ower extremity color-flow duplex venous 
imaging (VI). Details of our venous imaging proto- 
col have been described previously. 6 Only acute 
DVTs were considered to be markers for PE. Non- 
transportable patients were studied at bedside with 
continuous-wave nous Doppler (VD) flow analy- 
sis; these patients were usually critically ill and often 
on mechanical ventilation. Continuous-wave Dopp- 
ler insonation of the common and superficial femo- 
ral, popliteal, and posterior tibial veins was per- 
formed with and without augmentation maneuvers. 
Abnormal and asymmetric flow characteristics de- 
fined the presence of a DVT. With VD, thrombus 
acuity was not inferred. For patients who underwent 
more than one study, only the first test was consid- 
ered because of the nonindependence of repeated 
measures. 
Henry Ford Hospital participated in the Prospec- 
five Investigation fPulmonary Embolism Diagnosis 
(HOPED), a multicenter t ial that established the 
value of pulmonary scintiscanning in patients with 
suspected PE. 1 Lung scans were interpreted accord- 
ingly. Venous testing, V /Q  scanning, and PA were 
usually completed within 48 hours of each other, and 
in all cases within 72 hours. 
Definitions. A management change was defined 
as the initiation or discontinuation f anticoagula- 
tion medication or placement of an inferior vena cava 
(IVC) filter based on an NIVT result hat was differ- 
ent from the V /Q result. The management of pa- 
tients whose V /Q scan and NIVT results were the 
same (e.g., high-probability V /Q  result followed by 
positive result of NIVT) was considered unchanged 
by NIVT. Some patients were receiving anticoagula- 
tion medication for indications other than suspected 
DVT or PE at the time of NIVT. If their anticoagu- 
lation medication was continued and an IVC filter 
was not placed after a positive NIVT result, manage- 
ment was also deemed to be unchanged. By defini- 
tion, management changes did not apply after inter- 
mediate-probability V /Q  scans results, because 
appropriate treatment in these cases had not been 
determined, and thus could not be considered 
changed by NIVT. 
RESULTS 
Four hundred fifty patients underwent NIVT be- 
cause of suspected PE; VI was used in 279 patients 
(62%), and bedside VD was used in 171 patients 
(38%). The overall prevalence of DVT was 9% (Table 
I). 
One hundred seventy-one patients (38%) under- 
went NIVT as a first-line test, without prior V /Q  
scanning (Fig. 1 ). Proximal DVT was identified in 13 
of these patients (8%), and 11 were treated. One 
patient died before treatment began. Assuming this 
patient had lived and been treated, NIVT would have 
changed management i  only 12 patients (7%). Neg- 
ative results of NIVT indirectly influenced manage- 
ment by prompting a request for PA in 17 patients. 
Two hundred seventy-nine patients (62%) were 
studied with V /Q  scanning before undergoing 
NIVT (Fig. 1), representing a significant percentage 
of all contemporary hospital patients who underwent 
pulmonary scintiscanning (Table II). Twenty-five 
percent of all hospital patients who had a high-prob- 
ability V /Q  scan result were also referred for NIVT; 
17% of patients with low-probability results and 8% 
with very-low-probability or normal V /Q  results 
were similarly studied. Only 34% of patients who had 
intermediate-probability V /Q  scan results were eval- 
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Fig. 1. Frequency of V/Q scanning, NIVT, and PA among study patients. No DVT = chronic 
DVT or no DVT. 
uated further with NIVT. The study design did not 
permit the determination of the number of patients 
with intermediate-probability V /Q scan results who 
were referred irectly for PA without NIVT. 
Duplex venous imaging was obtained in i96 of 
the 279 patients who underwent V /Q  scanning (Fig. 
2). Ten of 22 patients with high-probability V /Q  
scan results had acute DVT identified by VI. Twenty- 
one of these 22 patients were given anticoagulation 
medication, 11 despite negative results of VI. The 
remaining patient did not have a DVT, did not un- 
dergo PA, and was not given anticoagulation medi- 
cation for undocumented reasons. Thus in only one 
patient with a high-probability V /Q  scan result was 
management altered by a VI result. 
Sixty-three patients who had a low-probability 
V /Q  result underwent VI. Three acute DVTs (two 
proximal, one tibial) and seven chronic femoropopli- 
teal DVTs were identified. Both patients with acute 
proximal DVT and two of seven with chronic DVT 
were given anticoagulation medication. Appropriate 
or otherwise, these four patients incurred manage- 
ment changes on the basis of the results of VI. Ten 
patients underwent PA, the results of three of which 
were positive, but only two patients were treated. 
Remaining patients either underwent no further test- 
ing or continued to take warfarin for preexisting 
conditions. Among 31 patients who had very-low- 
probability or normal V /Q  results, no DVTs were 
identified. One of seven subsequent PAs docu- 
mented aPE. No patient who had a very-low-proba- 
bility or normal V /Q  result sustained a management 
change on the basis of the results ofVI. 
Table II. V /Q  scan results of all concurrent 
hospital patients, compared with results of 
279 patients who underwent NIVT and V /  
Q scanning 
NIVT population 
All patients n % of all patients 
High 112 28 25 
Intermediate 318 107 34 
Low 560 97 17 
Very low/normal 566 47 8 
Totals 1556 279 18 
To summarize, the result of venous duplex imag- 
ing changed management i  only five of 116 patients 
(4%) who had "diagnostic" V /Q  results. 
Venous Doppler testing was obtained in 83 of 
279 patients who underwent V /Q  scans (Fig. 3). 
Lung scan probability was high in six patients, but 
only one had an identifiable DVT. Two patients 
underwent confirmatory PA. Five of these six pa- 
tients were either given anticoagulation medication 
(n = 3) or underwent placement of an IVC filter 
(n = 2). The untreated patient had a high-probabil- 
ity V /Q  result, followed by a normal VD examina- 
tion, and several days later by a normal PA. This was 
the sole patient who had a high-probability V /Q  
scan result in whom management was changed by a 
negative VD result. 
The prevalence of DVT by venous Doppler flow 
analysis after a low-probability V /Q  scan result was 
two of 34. One patient was given warfarin and thus 
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Fig. 2. V /Q scan probabilities, NIVT results, and management changes for patients in whom 
PE is suspected who underwent duplex imaging. 
incurred a management change. The second patient 
had isolated calf vein thrombosis and was not treated. 
Eight patients underwent PA, the results of four of 
whom were positive. Three patients were treated. 
Thus results of VD influenced management in only 
one patient who had a low-probability V /Q result. 
The remaining patients underwent no further testing 
and received no treatment. Sixteen patients under- 
went VD after a very-low-probability or normal V /Q 
result. One patient had a calf DVT and was not 
treated. None underwent PA. In this group, no pa- 
tient's management was determined by a VD result. 
In summary, VD results changed the manage- 
ment of only two of 56 patients (4%) who had "diag- 
nostic" V /Q  scan results. 
D ISCUSSION 
V/Q scanning is used as the first-line diagnostic 
method for PE in most patients. In HOPED,  a large, 
prospective, multicenter trial that compared V /Q 
scanning with PA for the diagnosis of PE, the posi- 
tive predictive value of a high-probability V /Q scan 
result was 88%, which rose to 96% when the clinical 
suspicion of PE was high)  In addition, the negative 
predictive value of a very-low-probability or normal 
scan result was 96%, whereas that of a low-probabil- 
ity scan result was 86%. Thus nearly all patients who 
had a high probability V /Q scan results in that trial 
had PE, and almost no patients who had a very-low- 
probability or normal V /Q scan result had PE. Ad- 
ditional testing would appear to add little to the 
management of patients who have V /Q scan results 
in these categories. Unfortunately, HOPED findings 
providc little guidance to the management of pa- 
tients who have nondiagnostic, intermediate-proba- 
bility V /Q scan results. 
The use of lower extremity NIVT in patients in 
whom PE is suspected has become popular because it
is inexpensive, accurate, and free of risk. Clinicians 
use the presence of acute DVT to support he diag- 
nosis of PE and to justify the use of anticoagulation 
medication without PA. Although most authorities 
reserve NIVT for patients who have nondiagnostic 
V /Q  scan results or those with negative V /Q results 
in whom the clinical suspicion of I'E is high, some 
physicians have used NIVT as a first-line test for 
PE. is Consequently, there has been a dramatic in- 
crease in NIVT that is requested solely to assess the 
lower extremities as a source for PE, often in the 
absence of clinical suspicion of DVT. Because this 
increased demand strains vascular laboratory re- 
sources, it seems prudent o document the value of 
NIVT in the diagnosis of PE and to establish its 
indications. 
In the present study, the prevalence of positive 
NIVT results in patients in whom PE is suspected 
was low, confirming the experience of others. 13-16 
NIVT provided little new information, and positive 
NIVT results rarely led to significant management 
changes. In nearly all cases, management was deter- 
mined by the initial V /Q  scan or subsequent PA 
results, which were frequently discordant from the 
NIVT results. 
A number of  patients who had high-probability 
V /Q scan results during the study period were also 
examined with lower extremity NIVT. Although 
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Fig. 3. V/Q scan probabilities, NWT results, and management changes for patients inwhom 
PE is suspected who underwent venous Doppler flow analysis. 
only 45% of patients had DVT by NIVT, more than 
90% of patients were given anticoagulation medica- 
tion. It is not clear why venous testing was requested 
in these patients who had reasonably diagnostic V /Q  
scan results. One might speculate that low clinical 
suspicion or a high risk of anticoagulation were the 
most likely reasons. However, this assumption is not 
supported by management decisions because 15 of 
17 patients who had negative NIVT results were 
ultimately treated with anticoagulation medication 
or IVC filter placement. Anticoagulation medication 
was discontinued in two patients who had high- 
probability V /Q  scan results after negative NIVT 
results, one for undocumented reasons, and one after 
a confirmatory negative PA result after several days of 
anticoagulation medication. 
Of 566 patients who had normal or very-low- 
probability V /Q  results during the study period, 
only 47 (8%) underwent NIVT. A request for addi- 
tional testing after definitively negative V /Q scan- 
ning results suggests that clinical suspicion was high 
in these patients. Consequently, one would expect 
liberal use of PA in this group. However, PA was 
ordered in only seven of these 47 patients, suggest- 
ing that clinical suspicion was not high after all. The 
reasons for requesting NIVT in this group also re- 
main unexplained. 
Ninety-seven of560 patients (17%) who had low- 
probability V /Q  scan results during the study period 
were referred for NIVT. Five DVTs were identified, 
but the management of only three patients who had 
acute proximal DVT was changed; two patients with 
isolated calf DVT were not treated. Serial testing was 
not requested. The significance of the identified 
DVTs in this group is unclear, given the benign 
long-term course of untreated patients with low- 
probability V /Q  scan results reported in the litera- 
ture.17,18 
Of 318 contemporary hospital patients who had 
intermediate-probability V /Q  results, 107 (34%) un- 
derwent NIVT. Only 9% of these had acute DVT, 
similar to the 12% rate of positive results of imped- 
ance plethysmography reported for patients with 
"nondiagnostic" V /Q  results, 1° but lower than the 
30% to 41% rate of positive results of ascending 
phlebography documented in these patients) 9,2° 
Less than half of the patients in the study who had 
intermediate-probability V /Q  scan results under- 
went PA, NIVT or both, thus leaving a considerable 
number of patients in whom the possibility of PE 
could not be excluded. 
One could argue that negative NIVT results led 
to a number of management changes, albeit indi- 
rectly, by prompting a request for PA in 100 of 450 
patients (26%). However, the results of only eight 
PAs were discordant with the initial V /Q  results, 
suggesting that the impact of additional testing 
prompted by negative NIVT results was minimal. 
Furthermore, it is not logical to suggest that a diag- 
nostic test is valuable because it often prompts addi- 
tional testing, particularly when the additional test is 
infrequently positive. 
A number of patients underwent N1VF as a first- 
line test for PE. One reason to forego lung scanning 
is an abnormal chest radiograph; unmatched ventila- 
tion and perfusion defects in the same lung field as a 
radiographic abnormality render the scintiscan on- 
diagnostic (intermediate probability). In this study, 
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however, the frequency of abnormal chest radio- 
graphs in patients who underwent lung scanning and 
those who did not was similar (59% vs 69%). More- 
over, only 8% of patients (13 of 171) who did not 
undergo V /Q scanning had a DVT identified by 
NIVT and were able to avoid further testing. Impor- 
tantly, NIVT failed to identify DVT in six patients 
who were subsequently shown to have PE by PA. 
The high incidence of angiographically proven 
PE despite negative results of lower extremity venous 
studies emphasizes that normal NIVT cannot reliably 
exclude PE. If the entire thrombus embolizes into 
the pulmonary circulation or if the PE does not 
originate from lower extremity veins, lower extremity 
NWT will be falsely negative for PE. Hull et al. 21 
reported normal results of ascending phlebography 
in 16% of 74 patients, and normal results of imped- 
ance plethysmography in 19% of 85 patients with PE 
documented by PA. Killewich et al.9 noted normal 
NIVT results in nine of 16 patients, and Cheely et 
al. 22 reported normal venous Doppler flow analysis in 
77% of patients, with angiographically proven PE. 
The utility of VD flow analysis in the diagnosis of 
PE is challenged by the findings in this study. Results 
of duplex venous imaging were positive for acute 
proximal DVT in 12% of patients, but results of VD 
were positive for DVT in only 4%. This difference is
likely a reflection both of inherent differences be- 
tween these methods and of differences between the 
patient populations; VD patients were often critically 
ill, mechanically ventilated, and studied at bedside in 
intensive care units. Nevertheless, one must question 
the practicality of any diagnostic test in which a 
positive result is obtained so infrequently. 
There are limitations to this retrospective, obser- 
vational review. Data quality relied heavily on the 
quality of the medical record, and it is acknowledged 
that documentation was not always clear and com- 
plete. Furthermore, knowledge of a DVT can be 
useful in the management of patients with known PE 
because of implications for the prevention and treat- 
ment of the postthrombotic syndrome. Moreover, 
this study did not address patient outcome. 
Nevertheless, certain conclusions eem justified. 
Lower extremity NIVT appears to add little to the 
management of PE in patients who have "diagnos- 
tic" (i.e., nonintermediate probability) V /Q  scan 
results. Although the positive rate of NIVT in the 
intermediate-probability patients in this study was 
also low, experience from the literature supports a 
continuing role for NIVT in this subpopulation of 
patients. 1°,18-2~ The role of NWT in patients who do 
not undergo V /Q scanning is unclear, but the low 
rate of positive studies suggests that NIVT is not 
useful as a first-line diagnostic test for PE. Finally, 
VD appears to have limited utility in the diagnosis of 
PE. Hopefully this analysis will promote a better 
understanding of the role of NIVT in the evaluation 
of patients with suspected PE and allow more critical 
application of bruited vascular laboratory resources in
the future. 
We thank Michalene McPharlin, RN, RVT, and K. C. 
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